1. Introduction
===============

The main manifestations of liver failure include acute-on-chronic liver failure (ACLF), acute liver failure, and end-stage liver disease.^\[[@R1]\]^ Because of the inconsistencies in the Eastern and Western academic definitions of the ACLF pathological process, understanding and performance in the treatment of ACLF are controversial. In the pathological process of ACLF, chronic hepatitis has been emphasized in Eastern regions, whereas cirrhosis has been emphasized in Western regions.^\[[@R2],[@R3]\]^ However, the core acute insulting factors in ACLF include alcohol, viral hepatitis, and autoimmune liver diseases, which would lead to liver systemic inflammation of the liver based on chronic hepatitis/cirrhosis, further resulting in multiple organ dysfunctions and a short-term mortality \>50%.^\[[@R4]\]^

Liver transplantation is the first choice in the treatment of ACLF. Due to lacking the hepatogenic agents, the active identification and mitigation of acute insults, followed by emergency care and supportive treatment, are essential. It has been shown that steroid administration for severe alcoholic hepatitis and fulminant autoimmune hepatitis can improve transplant-free survival.^\[[@R5]\]^ The immunosuppressive effects of glucocorticoid may enhance hepatitis B virus (HBV) replication and aggravate the HBV infection. For these reasons, glucocorticoid has not been widely used in the treatment of HBV-related ACLF.

In recent years, glucocorticoid treatment for HBV-related ACLF has been considered safer, due to the generation of nucleoside analogues and effective infection control measures. Studies have shown that early glucocorticoid treatment for severe hepatitis can prevent the hepatic cell necrosis and provide the possibility of liver regeneration.^\[[@R6]--[@R8]\]^ However, whether glucocorticoid therapy is effective for HBV-related ACLF remains controversial. In this meta-analysis, the efficacy and safety of glucocorticoid therapy in the treatment of HBV-related ACLF were investigated, in comparison to traditional drug support therapies.

2. Methods
==========

2.1. Literature search strategy
-------------------------------

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guideline,^\[[@R9]\]^ and an unpublished protocol on September 29, 2018 (S1 file and S1 appendix), were followed. The PubMed, Cochrane Library Central Register of Controlled Trials (CENTRAL), and EMBASE were searched, to obtain relevant studies until November 1, 2018. The following search terms and key words were used: "acute-on-chronic liver failure," "hepatitis B virus," and "glucocorticoid." The reference lists of the identified reports were also checked. This study protocol was reviewed and approved by the Institutional Review Board of the First Affiliated Hospital of Xinjiang Medical University and conformed to the principles and guidelines of the Declaration of Helsinki.

2.2. Study selection
--------------------

Study eligibility was independently assessed by 2 investigators (RRG and YL). Inclusion criteria were as follows: any randomized controlled trial (RCT) or observational cohort study that compared the outcomes of ACLF patients between glucocorticoid treatment and control groups; the ACLF population included in the study was all related to HBV infection; ACLF patients were diagnosed based on the APASL criteria; the studies were published in peer-review journals; and the included studies had obtained informed consent from patients. Exclusion criteria were as follows: patients with alcoholic liver disease, autoimmune liver disease, primary biliary sclerosis, liver degeneration, hemochromatosis, or other non-severe hepatitis caused by hepatitis viruses; studies without definite indicators for outcome assessment after glucocorticoid therapy; patients with cancer, serious immune system disease, or blood diseases; studies lacking control groups; systemic reviews and meta-analyses; full text not available; and studies not concerning human.

2.3. Definition of clinical outcomes
------------------------------------

Based on the included studies, primary endpoints included in-hospital death, bleeding events, and liver function indexes. In-hospital death referred to the deaths of HBV-related ACLF patients due to liver failure during hospital treatment. The bleeding events referred to gastrointestinal bleeding, bleeding at the injection site, and subcutaneous hemorrhage. The main indexes of liver function included the alanine aminotransferase (ALT) level, prothrombin time (PT), total bilirubin (T-bili) level, and HBV-DNA replication. Secondary endpoints included the ascites and hospitalization duration. Ascites was mainly caused by hypoproteinemia during liver failure deterioration. Hospitalization duration referred to the period from admission to hospital to discharge or death.

2.4. Data extraction and assessment
-----------------------------------

Data were extracted from the included studies by 2 independent investigators (JZY and LT) to build a database, following a standardized procedure, which included the baseline characteristics and endpoints. For the measured outcomes, all endpoints were extracted from each study and classified. The risk of bias was evaluated independently by two investigators (YL and RJZ), based on the Cochrane Collaboration guidelines.^\[[@R10]\]^ In situations of disagreement, a third investigator (YC) was involved for judgment.

2.5. Statistical analysis
-------------------------

The RevMan 5.3 software (the Cochrane Collaboration) was used for statistical analysis. We used odds ratios (ORs) and corresponding 95% confidence intervals (CIs) to estimate the effectiveness of different outcomes.^\[[@R11]\]^ We used Higgins\'s and Thompson\'s *I*^2^ statistics to evaluate the statistical heterogeneity between studies.^\[[@R12]\]^ Fixed-effect models (Mantel-Haenszel method) were used when there was no significant statistical heterogeneity,^\[[@R13]\]^ otherwise we used the random-effect models.^\[[@R14]\]^ When zero events occurred in one of the treatment groups, 0.5 was added to each cell of the 2 × 2 table to evaluate the treatment effectiveness. The funnel plots, Begg and Egger tests were used to evaluate the publication bias.^\[[@R15],[@R16]\]^ The sensitivity analysis was tested by excluding one trial at each time.

3. Results
==========

3.1. Search results and study characterization
----------------------------------------------

Among a total of 1194 potentially eligible studies, after title and abstract screening, 8 initially identified trials involving 538 patients fulfilled the inclusion criteria and were included in the meta-analysis analysis. The flow diagram is shown in Supple. Fig. 1.^\[[@R17]--[@R24]\]^ A total of 3 RCTs and 5 cohort studies were analyzed, 3 of which were retrospective cohort studies. Among these studies, 247 patients received the corticosteroid therapy regimen, and 291 patients received traditional treatment, with or without placebo treatment. The follow-up period ranged from 2 to 104 weeks. The ages ranged from 31 to 50 years. Male percentages in the corticosteroid therapy regimen group ranged from 25.6% to 94.4%, and from 18.2% to 89.5% in the control group. In the glucocorticoid treatment groups, 3 studies only used prednisone, 3 only used dexamethasone, 1 only used methylprednisolone, and 1 used either methylprednisolone or prednisone (Table [1](#T1){ref-type="table"}  ).
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For the comparison of baseline data, a total of 538 patients were enrolled, and the males accounted for 72.9% in the corticosteroid treatment group and 84.9% in the regular treatment group. The *I*^*2*^ test of heterogeneity was not significant (0%). A significantly greater number of males was noted than females in the regular treatment group (OR: 0.56; 95% CI: 0.36--0.88; *P* = .01) (Fig. [1](#F1){ref-type="fig"}). Moreover, a significant difference was observed in the age of patients between the 2 treatment groups. The age of patients in the regular treatment group was older than the corticosteroid treatment group (OR: −1.99; 95% CI: −3.83 to −0.14; *P* = .04) (Fig. [2](#F2){ref-type="fig"}). No significant heterogeneity was found (*I*^*2*^ = 18%). The sensitivity analysis showed consistent outcomes.
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3.2. Efficacy of different treatment groups
-------------------------------------------

The recovery of liver function was evaluated by comparing the decreasing effects on the ALT, T-bili, and PT levels of these 2 different treatment strategies. Our results showed no statistically significant differences in the ALT level before treatment (OR: −60.71; 95% CI: −159.24 to 37.83; *P* = .23) (Fig. [3](#F3){ref-type="fig"}). The *I*^*2*^ test of heterogeneity was not significant (0%). The ALT levels were reduced in both groups after treatment, without significant differences in the reducing effects on ALT (OR: 4.51; 95% CI: −42.71 to 51.73; *P* = .85) (Fig. [3](#F3){ref-type="fig"}). The *I*^*2*^ test of heterogeneity was significant (68%), and therefore the random-effects model was selected. Moreover, the T-bili levels between the 2 groups before treatment were not significantly different (OR: −0.97; 95% CI: −2.56 to 0.62; *P* = .23) (Fig. [4](#F4){ref-type="fig"}). The *I*^*2*^ test of heterogeneity was 58%, and the random-effects model was selected. The T-bili level was significantly reduced in the corticosteroid treatment group compared with the regular treatment group (OR: −8.83; 95% CI: −14.99 to 2.67; *P* = .005) (Fig. [4](#F4){ref-type="fig"}). The *I*^*2*^ test of heterogeneity was 91%, and the random-effects model was selected. Furthermore, PT was significantly long in both groups before treatment, with no significant differences (OR: 0.28; 95% CI: −0.79 to 1.34; *P* = .61) (Fig. [5](#F5){ref-type="fig"}). The *I*^*2*^ test of heterogeneity was significant (37%). After treatment, PT was significantly shortened in the regular treatment group compared with the corticosteroid treatment group (OR: 31.71; 95% CI: 3.62--59.81; *P* = .03) (Fig. [5](#F5){ref-type="fig"}). The *I*^*2*^ test of heterogeneity was significant (97%), and the random-effects model was selected.

![ALT level difference in trials before and after treatment. ALT = alanine transaminase.](medi-99-e20604-g006){#F3}

![T-bili difference in trials before and after treatment. T-bili = total bilirubin.](medi-99-e20604-g007){#F4}

![PT difference in trials before and after treatment. PT = prothrombin time.](medi-99-e20604-g008){#F5}

The infection severity was evaluated by comparing the HBV DNA levels. Our results showed that the HBV DNA levels were high in both groups, without no significant differences (OR: 0.1; 95% CI: −0.24 to 0.44; *P* = .56) (Fig. [6](#F6){ref-type="fig"}). However, after treatment, the HBV DNA levels decreased significantly in both groups, but with no statistically significant differences (OR: −0.03; 95% CI: −019 to 0.13; *P* = .71) (Fig. [6](#F6){ref-type="fig"}).
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3.3. Adverse event endpoints
----------------------------

The outcomes of both treatments were assessed by comparing the inpatient mortality, bleeding events, and ascites. Our results showed that inpatient mortality was significantly lower in the corticosteroid treatment group than the regular treatment group (OR: 0.23; 95% CI: 0.08--0.67; *P* = .007) (Fig. [7](#F7){ref-type="fig"}). Although PT was shorter in the corticosteroid treatment group than the conventional treatment group after treatment (OR: 31.71; 95% CI: −14.99 to 2.67; *P* = .005) (Fig. [8](#F8){ref-type="fig"}), there were no significant differences in bleeding events between these 2 groups (OR: 0.96; 95% CI: 0.48--1.92; *P* = .001). The cases of ascites events were significantly reduced in the corticosteroid treatment group (OR: 0.35; 95% CI: 0.18--0.67; *P* = .90) (Fig. [9](#F9){ref-type="fig"}). In addition, there was no significant difference in hospitalization duration (OR: −20.54; 95% CI: −46.35 to 5.27; *P* = .12) (Fig. [10](#F10){ref-type="fig"}).
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3.4. Risk of bias in the included studies
-----------------------------------------

The qualities of the studies included in this meta-analysis showed insignificant difference (Table [2](#T2){ref-type="table"}). Five studies had unclear random sequence generation. Two studies had a high risk, whereas the remaining studies had a low risk. Six studies had a low risk in the allocation concealment method, whereas the remaining studies had a high risk. The blinding design for the participants and personnel in the 6 studies was unclear, and 2 studies had high risks. Since different studies had different outcomes and comparison results, often without full statistical details, not all the data were suitable for the meta-analysis. Risk of bias is shown in Supplementary Figs. 2--3. The funnel plots of the study results for every with 95% confidence limits showed no bias. No obvious publication bias was found in our meta-analysis.
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3.5. Sensitivity and heterogeneity analysis
-------------------------------------------

Sensitivity analyses confirmed no inconsistency of our main findings. Meta-regression analysis showed that patient type had no effect on any endpoints for the corticosteroid treatment group versus the regular treatment group.

4. Discussion
=============

Comparing the baseline data for the 2 patient groups, our results showed that the majority of the patients in these 2 groups were male, and there were more males in the glucocorticoid treatment group than in the regular treatment group. In addition, patient average age was significantly higher in the regular treatment group. Risk factors (ie, the ALT, T-bili, PT, and HBV DNA levels) were compared and analyzed, and were shown to have clear impact on liver function and disease prognosis in patients with HBV-related liver failure. There was no significant difference in the level of these risk factors among the patients before treatment. However, after treatment, T-bili level was significantly decreased in the glucocorticoid treatment group, and PT was significantly shortened in the regular treatment group. Most importantly, our results showed that glucocorticoid treatment significantly reduced in-hospital mortality and ascites events.

HBV-related ACLF refers to an acute hepatic insult in patients with chronic liver disease or cirrhosis (diagnosed or undiagnosed), which might to lead to jaundice and coagulopathy complicated by clinical ascites and/or encephalopathy due to HBV activation.^\[[@R25]\]^ Since the pathogenesis of ACLF involves systemic inflammation and susceptibility to infection, the risk factors for ACLF mainly fall into 2 categories, that is, the intrahepatic factors (such as HBV reactivation and alcohol consumption) and the extrahepatic factors (such as bacterial infection).^\[[@R26]--[@R28]\]^ Because sex is not a risk factor for ACLF, it had little influence on the study results. The meta-analysis of the diagnostic criteria for ACLF showed that increased age was associated with the poor outcomes.^\[[@R29]\]^ The age of patients was significantly higher in the regular treatment group, which was a protective factor for ACLF patients. Therefore, the age difference did not affect the study results.

Glucocorticoid therapy for viral hepatitis began in 1951.^\[[@R30]\]^ However, the results have been controversial,^\[[@R31]--[@R33]\]^ and the controversial results might be attributed to the disease cause, drug dosage, and time from initiation to cessation.^\[[@R29],[@R34]\]^ To exclude the influence of different etiologies on outcomes, only the meta-analysis for HBV-related ACLF population was performed. The efficacies of the 2 strategies in treating ACLF were analyzed and compared, and our results showed that T-bili was significantly reduced in the glucocorticoid treatment group, whereas the recovery of PT was better in the regular treatment group. Production of bilirubin from heme catabolism would exhibit neurotoxicity and cytotoxicity in various cell types. Studies have shown that bilirubin also has antioxidant effects.^\[[@R16],[@R35]\]^ In patients with ACLF who develop to liver failure, the liver dysfunction would lead to the production of large amounts of bilirubin in the blood. The cytotoxicity of bilirubin aggregation can further aggravate the liver failure and lead to hepatic encephalopathy. Therefore, despite the antioxidant properties of bilirubin, its cytotoxicity should be considered first since ACLF pathogenesis progresses rapidly. In our meta-analysis concerning the T-bili levels in patients with HBV-associated ACLF, our results showed that glucocorticoid reduced T-bili, better than conventional therapy. A previous meta-analysis of 5 studies has shown that T-bili levels in patients with virus-associated ACLF are positively correlated with admission mortality.^\[[@R29]\]^ In this study, our results showed no significant difference in ALT and HBV-DNA levels between the 2 groups before and after treatment, and patient mortality was significantly decreased in the glucocorticoid treatment group during hospitalization. These results suggest that there is no significant difference in the hepatocyte rupture induced by HBV infection between the 2 groups. Therefore, the increased mortality in patients with acute ACLF episodes may be due to the increased T-bili level. Since glucocorticoid therapy can significantly reduce T-bili compared with conventional therapy in a short period, it is of great significance to grasp the timing and treatment measures.

As one evaluation items for blood coagulation, the PT activity degree mainly reflects the content of coagulation factors II, V, VII, and X, or the presence of circulating anticoagulant substances, which are mainly synthesized by the liver.^\[[@R36]\]^ When hepatocytes are severely damaged and/or lost, the reduced ability of the liver to synthesize these substances would lead to decreased coagulation factor levels and prolonged PT. Therefore, PT can reflect the liver synthesis function. Thrombomodulin, a transmembrane protein located on vascular endothelial cells, can activate protein C (with anticoagulant effects) and regulate the synthesis of thrombin (with procoagulant effects),^\[[@R37]--[@R39]\]^ that is, thrombomodulin has both anticoagulant and procoagulant effects. However, laboratory tests for PT only measure the amount of thrombin generated in plasma to act as the procoagulant driver, but not protein C, which is not fully activated in the absence of thrombomodulin. This phenomenon would also explain why there was significant difference in PT between the 2 groups after treatment, but no significant difference in bleeding events. Studies have shown that increased glucocorticoid levels in the blood can inhibit the hypothalamic-pituitary-adrenal axis, which would result in decreased levels of tumor necrosis factor-α, interleukin (IL)-2, IL-6, and other pro-inflammatory cytokines.^\[[@R40]\]^ Thrombin is a key protein in the coagulation cascade pathway. When pro-inflammatory cytokine levels in the blood are downregulated, thrombin will be activated to induce the compensatory secretion of pro-inflammatory cytokines by human adipocytes, monocytes/macrophages, and vascular endothelial cells.^\[[@R41]\]^ The correlation between the coagulation and immune systems could provide a theoretical basis for the explanation of PT prolongation in the glucocorticoid treatment group.

The pathogenesis of ACLF is very complex, mainly caused by the immune reaction, hepatic microcirculation disorder, and endotoxemia. Glucocorticoid, through the glucocorticoid receptor, can inhibit the immune response and reduce hepatocyte damage. Cytotoxic T lymphocytes are the main effector cells in patients with liver failure, and activated cytotoxic T lymphocytes can directly kill the target cells, causing hepatocyte necrosis or apoptosis.^\[[@R42]\]^ Kim et al^\[[@R43]\]^ have found that the glucocorticoid receptor upregulates fibronectin type III domain 5 (FNDC5) expression via peroxisome proliferator-activated receptor gamma coactivator 1-alpha, preventing liver lipid deposition and autophagic dysfunction in mice, which could protect liver function.

Glucocorticoid has been widely used in the clinic in recent years, with a positive effect on septic shock.^\[[@R44]\]^ However, the efficacy of glucocorticoid in the treatment of HBV-associated ACLF is controversial. A randomized controlled clinical study has shown that glucocorticoid therapy does not improve the prognosis or reduce mortality in HBV-related ACLF, and it could only recover blood hemodynamics. However, the patients included in this study were in the middle or late stages of liver failure. Many studies have shown that glucocorticoids are used intermittently or continuously for a long time in HBV-related ACLF patients, achieving a satisfactory prognosis.^\[[@R19],[@R45]\]^ Risks of infection, gastrointestinal bleeding, and HBV amplification were not increased. In these studies, patients with early liver failure were selected.^\[[@R19],[@R45]\]^ The efficacy and safety of glucocorticoid for HBV-related ACLF patients are certain, especially for the early stage of ACLF.

This is the first meta-analysis of glucocorticoid therapy for HBV-related ACLF patients. Our study included 3 RCTs and 5 cohort studies, 3 of which were retrospective cohort studies, with relatively small sample sizes. Although the number of RCT studies included was small and the impact of the findings on guidelines and clinical interventions might be insufficient, our findings provide useful evidence to guide the design of subsequent prospective RCTs in the future. In addition, we searched the literature and found that HBV associated hepatitis was much more prevalent in the Western Pacific (6.2% or 115 million individuals suffering from chronic HBV infection) and African (6.1% or 60 million individuals) regions, due to the special geographical location and poor public health development.^\[[@R46]\]^ Our findings apply only to East Asian populations.

There are also several limitations to this study. First, 3 of the included articles were single-center retrospective studies, which would lead to an insufficient level of evidence for the analysis. Secondly, the glucocorticoid treatment group included in the study did not have a unified program, and there were differences in the type of treatment program and course, which may affect the results. Third, ACLF progressed rapidly and had a high mortality rate. Many patients had already suffered from advanced liver failure before the treatment. Therefore, the number of samples included in those included studies was relatively small, which could increase the probability of type II errors in the statistical analysis.

In conclusion, this meta-analysis included a total of 538 patients, enrolled in 3 RCT and 5 cohort studies. The glucocorticoid and conventional treatments for the early stage of HBV-related ACLF patients were analyzed and compared. Our results showed that glucocorticoid treatment was more effective in reducing the T-bili level, and decreasing in-hospital mortality and ascites. Patient mortality was consistent with the T-bili level, suggesting that bilirubin may play a very important role in the progression to advanced liver failure in early-stage HBV-related ACLF patients.
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